5 mulatta) milk contains culturable strains of at least 19 species of bacteria belonging to at least 1 five different genera [32, 33] . Similar results have been described in other mammals [34] . 2 Traditionally, the presence of microbes in human milk has been confirmed by use of culture-3 dependent techniques. Most of the bacteria isolated from milk belong to Staphylococcus, 4 Streptococcus, and Lactobacillus and Bifidobacterium spp., latter two genera having several 5 strains with a long record of use as probiotics. [35] . It has been stated that "human milk 6 constitutes one of the main sources of bacteria to the breastfed infant gut since an infant 7 consuming approximately 800 mL/day of milk would ingest between 1 × 10 5 and 1 × 10 7 8 bacteria daily" [26, 27] . Moreover, the biological role of these microbes on neonatal health at 9 short and long-term has not yet been identified. 10
The origin of breast milk bacteria is currently not known, but their presence corresponds to a 11 perinatal period which starts during the third trimester of pregnancy and continues through 12 lactation [25] . Several reports have proposed that the human milk microbiota could derive from 13 colonization from the mother's skin, the infant's oral cavity during suckling, or the mother's gut 14 via the entero-mammary pathway [1, 26, 27, 36] . However, a commensal microbiota has been 15 reported in human breast tissue [37, 38] , suggesting that specific microbes inhabit the breast 16 tissue and potentially colonize the milk ducts. 17
With the development and application of culture-independent techniques (most of them based 18 on PCR techniques) and next-generation sequencing platforms, the presence of microbial DNA 19 has been confirmed. These techniques have confirmed the existence of a rich and diverse breast 20 milk microbial community [20] [21] [22] [23] [24] [25] [26] [27] 35] . 21
Human milk harbors a unique microbial ecosystem which differs from any other in humans. The 22 milk microbiota is not linked with any mucosal or fecal samples, nor does it seem to be a subset 23 of any other specific human sample [21] . The breast milk microbial diversity has been 24 evaluated by several independent research groups [20] [21] [22] [23] [24] [25] [26] [27] 35] . These researches have shown 25 that Staphylococcus spp., Streptococcus spp., are the common groups followed by specific lactic 26 acid bacteria. The first study on the milk microbiome using pyrosequencing demonstrated that 27 6 milk bacterial communities are generally complex [20] . It was reported a high inter-individual 1 variation regarding the number and abundance of different species in human milk, however, a 2 common core of nine bacterial groups were present in the milk samples of each individual 3 (Streptococcus, Staphylococcus, Serratia, Pseudomonas, Corynebacterium, Ralstonia, 4
Propionibacterium, Sphingomonas, and Bradyrhizobiaceae) [20] . Difference results between 5 studies may be due to different sampling and process protocols and varied DNA extraction, 6 selection of specific primers with high bacterial coverage including bacteria with higher content 7 of G+C as Bifidobacterium spp and sequencing platforms; thus, a more standardized approach is 8 needed in the future [20, 21, 23, 35, 39] . 9
The isolation and detection of live bacteria and the presence of strictly anaerobic species, such 10 as Bifidobacterium, Clostridium, and Bacteroides [23, 25] usually associated with gut 11 environments and unable to survive in aerobic locations, have resulted in a scientific debate on 12 the origin of milk-associated bacteria. Recently, high-throughput sequencing has indicated the 13 presence of gut-associated, strictly anaerobic microbes belonging to the Clostridia family 14 (Blautia, Clostridium, Collinsella, and Veillonella) in breast milk. It has been reported the 15 presence of specific microbes shared between the maternal microbiota, breast milk, and infant 16
intestinal microbiota [24, [28] [29] [30] [31] and also, in other maternal-neonatal niches as meconium, 17 placenta and amniotic fluid [40] . Furthermore, the presence of butyrate-producing bacteria, 18
including Coprococcus, Faecalibacterium, and Roseburia, has been confirmed and shown to be 19 shared in both maternal feces and human milk. 20
Shotgun metagenomics analysis of human milk by total DNA sequencing using Illumina next-21 generation sequencing technology has been done using 10 pooled milk samples [41] . This study 22
reported that human milk contains over 360 prokaryotic genera, with Proteobacteria (65%) and 23
Firmicutes (34%) as the predominant phyla, and with Pseudomonas (61.1%), Staphylococcus 24 (33.4%), and Streptococcus (0.5%) as the predominant genera [41] . This study also showed that 25
the most abundant open reading frames (ORFs) within human milk encoded proteins for basic 26 cellular functions (respiration, cell signaling, RNA, DNA, and amino acid metabolism).
7
A recent study [42] has reported on the metagenome and microbiota of healthy human milk 1 (n=10 mothers) and compared it with the milk metagenome of women suffering from mastitis. 2 A healthy core microbiome included Staphylococcus, Streptococcus, Bacteroides, 3
Faecalibacterium, Ruminococcus, Lactobacillus, and Propionibacterium, as well as fungal, 4 protozoa-related, and viral-related sequences, while the milk microbiota of women with mastitis 5 was dominated by Staphylococcus aureus [42] . 6
Molecular techniques have some limitations. For example, the viability of milk microbes cannot 7 be analyzed, and total bacteria counts may be over-or underestimated because of cell-wall 8 composition, DNA extraction methods, and the number of microbial 16S gene copies which 9 possible lead the over-or underestimation of bacteria counts. The DNA contamination in 10 extraction kits and reagents has also been reported [35] . Other potential factors influencing milk 11 microbiota composition include sampling methods (e.g., aseptic methods, time of day, breast 12 cleaning methods, sampling before or after suckling, manual extraction or breast pump 13 extraction), DNA extraction methods (e.g., from whole or defatted milk, use of commercial kits, 14 enzymatic lysis, bead-beating step), sequencing platforms (Illumina, Solid, Ion Torrent, 454 15
Roche), 16S bacterial gene region studies (V1-V3; V3-V4, V4, etc.), and the 16S database and 16 bioinformatics pipeline used. Thus, there is a need to standardize protocols and validate 17 methods. 18 19
Potential factors influencing the milk microbiome 20
It is known that genetic factors, mode of delivery, maternal nutrition, time of day, lactation 21 stage, and geographical region influence human milk composition, and considerable inter-22 individual variation has also been reported [43] . Similarly, all the factors that could modulate 23 the microbiota of the mother's skin, oral cavity, vagina, and intestine and the microbiota of the 24 infant are potentially able to modulate the human milk microbiota. Therefore, the lactation 25 period, maternal dietary habits and nutritional status, mode of delivery, gestational age, 26 geographical location, and the use of antibiotics or other medicines can all have an influence on 27 the milk microbiota. 28
8
Higher microbial diversity has been reported in colostrum samples than in mature milk. 1 Lactation stage has been described as a factor influencing milk microbes [20, 21] The mode of delivery affects human milk microbiota composition. High microbial diversity and 7 high prevalence of Bifidobacterium and Lactobacillus spp. are found in colostrum and milk 8 following vaginal delivery, while the contrary is observed following caesarean delivery [21, 22, 9 44-46] although other studies did not report differences in microbial profiles based on gestation, 10 mode of delivery or infant gender [47] . Breast milk microbiota composition is also influenced 11 by gestational age, with significant differences between term-and preterm-delivered mothers. 
